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Popularity for non-consumptive outdoor recreations has rapidly increased over the 
past decades. With many national and state park regulations failing to regulate rock 
climbing, scholars are concerned for the amount of ecological disturbance that may occur 
if left unmonitored. Visual assessments to disturbance disparities between remote 
climbing locales and contradictory scientific literature confirmed the need for further 
research on the effects of rock climbing on cliff ecology. Two climbing centers were 
focused in Southeastern Tennessee: Foster Falls in Sequatchie County and Leda in 
Hamilton County. Convenience sampling was used to collect 24 transects from 
intermediately graded routes and 24 transects from cliffs that visually appear physically 
suitable for rock climbing, but were neither mentioned in any guides nor had any 
evidence of climbing.  IBM SPSS was used to perform the nonparametric Mann-Whitney 
U Tests (α = 0.05) on the climbing frequency group (i.e., climbed and unclimbed) and 
location group (i.e., climbed cliff heights); these results were then confirmed by 
calculating bivariate correlations. Statistics suggest that rock climbing significantly 
decreases vascular and nonvascular plant cover and significantly increases bare rock 
cover. Additionally, no differences were observed among cliff heights. Our findings are 
intended as a viable source to be used by park and wildlife management as an aid in 
determining whether or not rock climbing should be regulated; however, we suggest 
further study regarding different phonological stages, endangered species, invasive 
species, and specified climbing centers of interest. 
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Throughout history, environments have been altered to suit the needs of 
humankind and their need to spatially expand; oftentimes, such development will disturb 
the native flora and fauna.  As a means to protect certain ecosystems, many public and 
private organizations designate sections of relatively undisturbed land with rare and 
diverse features for preservation.  Conservation includes knowledge of how visitor 
interactions (e.g., rock climbing, mountain biking, hiking, horse riding, camping, fishing, 
etc.) may alter an ecosystem’s geomorphology and/or residing ecological communities 
(Isaacs 2000; McMillan & Larson 2002); this knowledge also involves the possibility of 
anthropogenic disturbances occurring without management’s approval (Pickering 2010).   
Since there is an overall lack in funding for conservational efforts, national and 
state park management must prioritize efforts when implementing and enforcing 
regulations within a protected site (Pickering 2010).  Familiarity in all facets of an 
ecosystem and how anthropogenic interactions may affect such aspects is essential for 
effective long-term conservation; such insight is gained through a collaboration of 
research focused on an array of topics (e.g., flora, fauna, ecological communities, 
landscape features, ecosystems, climate, anthropogenic interactions, etc.).  Nevertheless, 
research inherently is disproportionate resulting in a lack of understanding of cliff 
ecology.   
Cliffs are high-gradient features formed by geomorphic processes (typically 
vertical, nearly vertical, or even overhanging) that have the ability of reaching hundreds 
of meters in height near mountainous or coastal terrain areas.   Exposed cliffs are rarely 
smooth and often contain microtopography (e.g., crevices, pits, ledges, overhangs, and 
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arêtes) depending on the chemical composition of the underlying rock.  Weathered 
minerals and organic debris (i.e., leaves, dead plant material, pine straws, etc.) often 
accumulate on microtopographic surfaces forming a soil layer which provides certain 
plant species a reliable anchor to root (Nuzzo 1995; Camp & Knight 1998).   
Natural cliffs contain a combination of loose rocks, vegetation, and soil that may 
hinder a climber’s ability to ascent a cliff safely.  Climbers need a clean surface so that 
their hands and feet are able to grip the microtopographic features.  Cliffs are often 
modified so that the climber may have better traction with the rock; this is done primarily 
by removing any vegetation and accumulated soil from microtopography that may be 
used as hand and/or foot holds (Harper 1939; Nuzzo 1995; Camp & Knight 1998; 
Rusterholz et al., 2004).  Additionally, loosened rocks are extracted so that future 
climbers will not injure themselves or the person on belay in a technique referred to as 
cleaning the route.  Once a vertical portion of cliff is cleaned, a suggested route is 
established and named.  Not only are components removed from the cliff ecosystem, but 
oftentimes inorganic elements are introduced; these elements may include bolts, anchors, 
chains, runners, residual chalk, or even trash (Camp & Knight 1998; Baker 1999; 
McMillan & Larson 2002).  The aforementioned extreme anthropogenic disturbances 
may cause extinction events to local populations (Lopez & Pfister 2001).  
Since cliffs are usually inaccessible without specific skills and appropriate 
equipment, they are typically one of the least disturbed features of a landscape containing 
microhabitats for a variety plant species.  This thesis will provide insight into the effects 
of rock climbing by examining the percent coverage of bare rock, vascular, nonvascular, 
and organic debris between disturbance frequencies (climbed and never climbed) and 
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transect location (heights from 2-4m and 9-13m from ground) in Southeastern Tennessee.  
The two hypothesis tested in this study are 1) the grouping of disturbance frequencies 
will significantly increase percent coverage of bare rock and significantly decrease the 
percent coverage of vascular plants and organic debris among climbed cliffs and 2) the 
grouping of locational differences among climbed cliffs will significantly increase 
percent coverage of bare rock and significantly decrease percent coverage of vascular, 
nonvascular, and organic debris among the bottom portions of climbed routes.   
 
2.0 LITERATURE REVIEW 
2.1 ROCK CLIMBING 
Once exclusively a form of practice for complex mountain ascents, rock climbing 
has grown exponentially in popularity over the past few decades (Hamilton 1979; Camp 
& Knight 1998; Krajick 1999; McMillan & Larson 2002; Nepal 2002; Rusterholz et al., 
2004).  Since the emergence of recreational rock climbing, subsets of the sport have 
evolved from traditional climbing techniques, also known as “trad” climbing.  Sport 
climbing, bouldering, and free soloing all evolved from trad climbing and require varying 
amounts of equipment and expertise; however, all styles have the common objective to 
ascent a particular route (Hamilton 1979; Frisbie 2013).   
Trad climbing demands the climber to insert artificial pieces of safety equipment 
(i.e., wedges and cams) into the cliff face.  These devices are jammed into cracks and 
oftentimes erode the rock.  Sport climbing requires the route to be pre-bolted, which 
eliminates the need for wedges and cams (Recreational Equipment Inc. n.d.).  Some 
climbing occurs on shorter cliffs or boulders, known as bouldering, and allows climbers 
4 
 
to climb without any equipment to attach them to the rock.  Boulderers (climbers who 
boulder), generally carry a mattress-like pad to fall on as safety equipment and are 
typically accompanied by other climbers to help catch the climber if he or she falls off of 
the boulder.  Free soloing is similar to bouldering, but requires no safety or aid 
equipment, allowing the climber to ascend a route using no safety equipment.  Free 
soloing is considered the least evasive form of climbing and typically occurs on cliffs 
ranging from hundreds of meters in height.   
  
2.2 CLIMBING CENTERS 
 This research focuses on two climbing centers: Foster Falls, located in Sequatchie 
County, Tennessee, and Leda located in Hamilton County, Tennessee.  These locations 
were based on the criteria that each center has an abundance of moderately graded routes, 
seemingly similarly graded unclimbed sections of cliff face, and top access to the 
unclimbed cliff faces.  Additionally, a focus was on selecting climbing centers within an 
hour’s drive of Chattanooga, Tennessee based on Kedrowski’s (2009) suggestion that 
areas closer to metropolitan areas would attract more outdoor enthusiasts.  Foster Falls, 
also referred to by climbers as Fosters, is owned and managed by the South Cumberland 
State Park, and Leda is privately owned by Montlake Properties and managed by the 
Southeastern Climber’s Coalition, a non-profit corporation dedicated to preserving 
climbing access in the Southeastern United States (Gentry & Averbeck 2013; Watford 
2013; Watford 2013).   
Not all climbing routes are of the same level of difficult.  Similar to many sports, 
beginners begin on easy routes and progress as a climber’s skills develop.  There are a 
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multiple grading systems specific to different forms of climbing.  Grading systems are 
not universal in nature; the United Kingdom, Australian, and French systems all measure 
the grade difficulty (Watford 2013; Watford 2013).  Routes throughout Foster Falls and 
Leda are graded using the Yosemite Decimal System, which is the standard US grading 
system for route difficulty.  The Yosemite Decimal System increases at intervals of 1.0 
from grades 1.0 to 5.0.  Routes then increase at intervals of 0.1 from grades 5.0 to 5.9; 
grades 5.10 to 5.15 further subdivide into “a” (easiest), “b”, “c”, and “d” (hardest).  The 
higher a route is rated, the less microtopography exists for climbers to hold; these routes 
require more technique and skill from the climber.  Routes at these locations range from 
grades 5.4 to 5.13d (Mountain Project Inc. 2005; Gentry & Averbeck 2013; Watford 
2013; Watford 2013).  Even though the Yosemite Decimal System has generalized 
guidelines to what defines a route’s difficulty rating, whoever creates the route 
determines the grade.  Occasionally seasoned climbers voice their disagreement with the 
official rating of a particular route; these disputes are apparent when different rock 
climbing guidebooks state different ratings for the same route.  
We researched route information such as grade, climbing center, and description 
from the guidebooks, The Dixie Craggers’s Atlas: A Climber’s Guide to Tennessee 
Volume ONE – Metro Chattanooga by Chris Watford (2013), The Dixie Cragger’s Atlas: 
A Climber’s Guide to Tennessee Volume TWO by Chris Watford (2013), Chatt Steel: A 
Comprehensive Guide to Chattanooga Sport Climbing by Micah Gentry and Cody 
Averbeck (2013).  In addition to these physical publications, we assured that our 
unclimbed sections were not established routes on the continuously updated, online 




As mentioned in Hobbs and Huenneke’s (1992) study on disturbance, diversity, 
and invasion of plant species, a proper definition for disturbance has long been debated.  
Grime (1979) defines a disturbance as any mechanism which limits biomass by causing 
partial or total destruction, while Petraitis, et al., (1989) classifies a disturbance as any 
process that alters the birth and death rates of individuals within a patch.  White and 
Pickett (1985) state the even broader definition of a disturbance as any discrete event that 
disrupts an ecosystem, community, or population structure in any way; however, typical 
examples tend to be similar, including fires, grazing, trampling, flooding, windstorms, 
and human interactions (Grime 1979; Studlar 1980; Hobbs & Huenneke 1992; 
MacDonald 2003).  For the purpose of this study, we define a disturbance as any process 
that alters the existing biomass (i.e., vascular and nonvascular communities) by removing 
or damaging such biomass and/or changing the community structure and composition 
(i.e., causing an influx in a particular community at the expense of another).  Hence, it is 
reasonable to infer that when removal or damage of biomass occurs as a result of rock 
climbing, the sport itself constitutes as a form of disturbance (Rusterholz et al., 2004).     
 When determining whether a given disturbance is positive or negative to the 
affected ecosystem, certain characteristics (e.g., disturbance size, frequency, intensity, 
and timing) may be independently observed (Hobbs & Huenneke 1992).  Natural 
disturbances (e.g., windstorms, heavy rainfall, falling rock debris, etc.) are typically 
infrequent enough to allow the damaged populations to recover; in some instances, 
occasional disturbances may increase biodiversity (Petraitis et al., 1989; Hobbs & 
Huenneke 1992; Nuzzo 1995; Camp & Knight 1998; MacDonald 2003; Rusterholz et al., 
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2004).  However, if disturbance events are frequent and severe enough, succession will 
not occur and delicate communities may become extinct (MacDonald 2003).  Previous 
studies acknowledge that the frequency of rock climbing or the intensity of cleaning a 
route in a given climbing center may be too severe for a particular ecological community 
to survive (Nuzzo 1995; Camp & Knight 1998; McMillan & Larson 2002). 
Additionally, it is paramount to note that invasive species cause a great deal of 
disturbance (Hobbs & Huenneke 1992; MacDonald 2003).  The spread of invasive 
species has proven to be an expensive and urgent task to control (Hobbs & Huenneke 
1992; McMillan & Larson 2002; MacDonald 2003); oftentimes, nonnative propagules 
(e.g., plant seeds) are introduced into an area from visitor’s shoes, clothing, and 
equipment (McMillan & Larson 2002).  Once nonnative populations are established, 
irreversible disruption to the natural ecosystem’s structure, composition, and diversity 
may occur (Hobbs & Huenneke 1992; McMillan & Larson 2002; MacDonald 2003). For 
example, Pueraria lobate, more commonly known as the Kudzu plant, is an invasive 
woody vine inhabiting the Southeastern portions of the United States.  This alien species 
is nearly impossible to eradicate and decreases biodiversity by inhibiting young 
hardwoods to grow and extinguishing more delicate native species (Blaustein 2001).   
McMillan and Larson (2002) observed that the proportion of nonnative species was three 
times greater among climbed cliffs.  Some studies mentioned that rock climbing may 
increase nonnative species in an area by introducing propagules and removing native 
species; this elimination exposes microsites on the cliff face for nonnative propagules to 




2.4 CLIFF ECOLOGY  
 Cliffs are one of the least disturbed features of a landscape containing 
microtopography that provides microhabitats for an array of species; unclimbed cliffs 
supply a unique insight to how particular species may develop without anthropogenic 
disturbances (Cooper 1997; Kelly & Larson 1997; Camp & Knight 1998).  While 
focusing on a presettlement forest of eastern white cedar (Thuja occidentalis L.), Kelly 
and Larson’s (1997) study analyzed trees that were well over 1,000 years old growing on 
cliffs of the Niagara Escarpment in Canada.  The oldest tree observed was 1,653 years 
old; that means the second oldest tree species in Canada and the oldest tree in North 
America east of the Rocky Mountains was located on a cliff (Kelly & Larson 1997).  
Another study, performed by Alan Cooper (1997), observed cliffs in Northern Ireland 
containing a coexistence between species with contrasting ecology (i.e., maritime, 
woodland, artic-montane, and calcifuge communities).  This coexistence has not been 
witnessed on any other landscape feature.  Cooper further proposed this coexistence of 
plant species is due to their common environmental tolerances and preferences without 
anthropogenic disturbances.  With these findings of flora communities on cliffs, it is 
evident more studies are needed on how recreational rock climbing may effect such 
unique biodiversity hotspots.  
 
2.5 SIMILAR STUDIES 
Considering scientific literature is scarce on the effects of rock climbing, many 
conservation policies fail to include appropriate rules and regulations in preserving cliff 
microhabitats (Ruzzo 1995; Camp & Knight 1998; McMillan & Larson 2002).  With 
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recent increases in popularity for non-consumptive recreations, scholars are concerned 
for the amount of disturbance that may occur if left unmonitored (Hamilton 1979; Camp 
& Knight 1998; Krajick 1999; McMillan & Larson 2002; Nepal 2002).  Only seven 
studies were found that observe the effects of rock climbing on cliff vegetation.  All 
studies differ from their variables to results – which in some cases are contradictory.   
Nuzzo’s (1995) study focused on the effects of rock climbing on Cliff Goldenrod 
(Solidago sciaphila) in Northwest Illinois.  Nuzzo used belt transects to collect data from 
an upper and lower zone of currently climbed, previously climbed, and never climbed 
cliffs.  It was found that rock climbing significantly reduced Cliff Goldenrod density in 
the upper cliff zone only.  Kelly and Larson’s (1997) study also focused on a single 
species – Presettlement Eastern White Cedar (Thuja occidentalis). This study used a 
stratified random sampling design to assess if rock climbing in the Niagara Escarpment 
has an effect on old-growth eastern white cedar.  They concluded that the older and 
younger trees were reduced among climbed cliffs; it was also noted a higher percentage 
of damaged trees were on cliffs that were climbed.   
Nuzzo (1996) wrote another study focusing on how rock climbing affects cliff 
vegetation as a whole.  This study concluded that rock climbing significantly reduced 
lichen cover and species density on climbed cliffs and had no apparent effect on vascular 
vegetation.  McMillan and Larson (2002) observed density, percent cover, species 
richness, and species diversity of vascular plants, bryophyte, and lichen species in the 
effects of rock climbing on cliff vegetation of the Niagara Escarpment in Southern 
Ontario, Canada.  They sampled from three locations on the cliffs (i.e., plateau [cliff 
edge], cliff face, and talus [cliff base]) and found that density, percent cover, species 
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richness, and species diversity of vascular plants was lower.  They also concluded that 
frequency and richness of bryophyte species and species richness of lichens were 
significantly lower in climbed areas.  Additionally, the proportion of invasive plant 
species was three times greater in climbed areas than in unclimbed areas.   
Rusterholtz, Müller, and Baur (2004) focused on plant communities on exposed 
limestone cliffs in the Swiss Jura Mountains.  They determined that overall plant cover 
and species density were reduced among climbed areas.  Furthermore, density of forbs 
and shrubs decreased, while density of ferns increased among climbed areas.  Farris 
(1998) observed the effects of rock climbing on the distribution and abundance of major 
plant taxa of three Minnesota cliff systems.  It was concluded in this study that total plant 
coverage was significantly lower and frequencies of most taxa were lower (not 
significantly) in climbed plots of all location.  Camp and Knight (1998) compared plant 
communities in Joshua Tree National Park, California by using three levels of climbing 
intensity and two cliff locations; they found plant cover decreased with increased 
climbing intensity.  Out of the seven studies, only five studies indicate that rock climbing 
has a negative effect on cliff vegetation (Nuzzo 1995; Kelly & Larson 1997; Camp & 
Knight 1998; Kelly & Larson 2002; Rusterholz et al., 2004), and two conclude no 
appreciable effects (Nuzzo 1996; Farris 1998).  With such conflicting results within 








3.1 SITE DESCRIPTION 
We chose two climbing centers in which we focused: Foster Falls and Leda.  In 
climbing guides and online forums, Leda has two main areas (Leda and Lower Leda) 
which are technically two cliffs separated by a switchback road.  For the purpose of this 
study, we refer to both cliffs as one location – Leda.  Both Foster Falls and Leda are 
predominately composed of sandstone and serve as a year-round climbing destination 
that has been established for over twenty years (Averbeck & Gentry 2013; Watford 
2013).  We chose these locations because (1) they were within an hour’s drive of 
Chattanooga, (2) each center had an abundance of moderately graded routes, (3) each 
center had seemingly similarly graded unclimbed sections of cliff face, (4) top access to 
the unclimbed cliff faces were possible.  Google Maps was used to determine driving 
time from Chattanooga to each climbing center.  Figure 1 gives more detail to the spatial 
distribution of Fosters and Leda in proximity to downtown Chattanooga, Tennessee.   
 
3.2 SAMPLING DESIGN 
Currently, there are 73 and 60 established routes for Foster Falls and Leda, 
respectfully.  Vascular communities are restricted to areas with microtopography features 
large enough for plants to root (Nuzzo 1995; Nuzzo 1996; Farris 1998; McMillan & 
Larson 2002).  As the level of difficulty for a specific route decreases, the size of 
microtopography features increase.  Because of this, we limited our sampling pool to 
sport routes with an intermediate level of difficulty (between 5.7 to 5.9 on the Yosemite 
Decimal System).  McMillan and Larson (2002) also narrowed their sampling pool to 
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only include intermediate routes.  Any discrepancies with route difficulty were ignored as 
long as none of the claimed ratings were outside of our sampling method.  Due to the 
more complex nature of trad climbing, we eliminated trad routes and focused solely on 
sport routes on the visual observations that more climbers at these locations were sport 
climbing.     
Our narrowed sample pool contained 29 established, intermediate, sport routes at 
Foster Falls and 21 at Leda; we collected climbed data from a total of 12 routes.  For our 
control, we selected 12 unclimbed cliff sections that visually appear physically suitable 
for rock climbing.  All control areas of cliff were neither mentioned in any guidebooks or 
online forums, nor had any evidence of climbing (e.g., bolts, runners, residual chalk, 
etc.).  We used convenience sampling when choosing our climbed and unclimbed routes 
and determining what heights to collect data (Montello & Sutton 2006).  Transects were 
collected from 7 climbed routes and 3 unclimbed cliff sections from Foster Falls, and 5 
climbed routes and 9 unclimbed cliff sections from Leda.  In addition, we excluded all 
areas – based on our initial visual assessment – that appeared to have continuous water 
seep, considerable amounts of loose rocks, or contained a roof or overhang; rejection on 
these principles is similar to McMillan and Larson’s (2002) study.   
 
3.3 DATA COLLECTION 
All data were collected from August to October 2013.  For each sample area, we 
photographed two 0.5 meter transects of the route (or supposed route); one at the mid-
section of the cliff (9-13m from ground) and one at the talus (2-4m from ground).  The 
meter stick was placed either directly on a route (e.g., across obvious hand and/or foot 
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holds or where chalk was present) or on an area that visually appeared physically suitable 
for an intermediate level rock climbing route (i.e., across an area with moderate 
microtopography).  Similar to Farris’s (1998) study, we ignored both the bottom 2m and 
the upper 1m to limit disturbances to those fully caused by rock climbers.  Data was 
collected by photographing the transect areas with a 35-55mm zoom lens on a digital 
SLR camera for future analysis.   
Metadata such as latitude and longitude were gathered using a Global Positioning 
System (GPS).  Cliff height and transect height were collected using a metric measuring 
tape.  Measurements at climbed sites were collected after the route had been climbed, and 
a top roping system had been set into place, while measurements at unclimbed sites were 
collected either by traversing from an established route or rappelling from anchor points 
above the area of interest.  Unclimbed cliff sections were limited to areas that were 
accessible by trail above the cliff or in close enough proximity to a climbed route that we 
could traverse and temporarily stabilize long enough to collect data (2-3 meters from 
climbed route).  We felt that this was acceptable considering climbers rarely venture far 
from an established route.   
 
3.4 ANALYSIS OF DATA 
 Once downloaded to a computer, the photographed transects were enlarged for 
analysis.  Figures 2 and 3 show photographs of an unclimbed and climbed section of cliff, 
respectively.  Considering we could not photograph the entire meter stick and keep the 
photo in focus while rappelling, we chose to only extract data from 0.5m and to have 1cm 
accuracy.  A Microsoft Excel spreadsheet was created containing data and metadata 
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(Table 1 and Table 2).  We coded our groups as follows: (1) climbed data, (2) unclimbed 
data, (3) mid-section data, and (4) talus data.  The coded data was then exported the data 
into a .txt file and imported into International Business Machines Corporation (IBM) 
Statistical Package for the Social Sciences (SPSS).     
 To determine how to treat our data, Descriptive Statistics and Kolmogorov-
Smirnov Goodness-of-Fit Test were computed to induce normality.  Mann-Whitney U 
Tests (α = 0.05) were performed twice with two treatments: a frequency group (climbed 
versus unclimbed) and a climbed location group (height difference among climbed cliffs).  
The Mann-Whitney findings were confirmed by calculating bivariate correlations 
between each coverage type (bare rock, vascular, nonvascular, and organic debris) and 
grouping type (McGrew & Monroe 2000).  IBM SPSS Version 16 was used for all 
statistical calculations.   
 
4.0 RESULTS 
Descriptive Statistics (Appendix 1) and Kolmogorov-Smirnov Goodness-of-Fit 
Test (Appendix 2) revealed all variables had a significance less than 0.050 meaning that 
our data is not normally distributed, and nonparametric tests must be used.  Significances 
for Vascular Coverage (%) and Organic Debris Coverage (%) from the Kolmogorov-
Smirnov Goodness-of-Fit Test are both 0.000; which gives ample evidence to safely 
deduce a 0% chance of Type I error for those data (Appendix 2).  A Type I error is when 
the null hypothesis is rejected when actually true (Montello & Sutton 2006).  We could 
not eliminate Type II error from the statistics performed; a Type II error is when the null 
hypothesis is accepted when actually false.     
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When observing data with disturbance frequency set as the grouped treatment 
(i.e., climbed or unclimbed), we conclude that there is a significant increase in percent 
bare rock coverage and significant decreases in percent vascular and nonvascular 
coverage among climbed routes; there is no significant difference in organic debris 
(Appendix 3).  Our results suggest a 95% confidence that we must reject the null and 
accept the probability that rock climbing had a significant effect on vascular and 
nonvascular plant communities.  These results were confirmed by graphing bivariate 
correlations of all variables against the disturbance frequency group (Appendix 4).  When 
using transect height among climbed routes as the grouped variable, it was evident that 
no significant differences exist among any of the variables, leading us to accept the null 
(Appendix 5).  Again, we verified these results by graphing bivariate correlations 
(Appendix 6).   
 
5.0 DISCUSSION 
The issues within our study included, but not limited to, changes to our 
methodology, disturbances not monitored, and sample size.  Originally, three transect 
locations would be collected (i.e., talus, mid-section, top-section); however, many cliffs 
observed were shorter than 10 – 15 meters.  Since the bottom 2 meters and top 1 meter of 
the cliff was eliminated, we felt that the remaining cliff height was too short for a third 
sample to make a difference.  This height constraint only allotted us to calculate 
difference of means instead of difference of variance.  If three frequencies or three 
locations had been collected, it would have been possible to perform the Kruskel-Wallis 
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Test which would have been more comparable with other similar studies (Nuzzo 1995; 
Nuzzo 1996; Rusterholz, Müller, and Baur 2004). 
We recognize that our data may be influenced by disturbances caused by weather 
phenomena (i.e., droughts, windstorms, heavy rainfall) and/or invasive species (Grime 
1979; Studlar 1980; Hobbs & Huenneke 1992; McMillan & Larson 2002; MacDonald 
2003).  Considering there are no studies that solely observe disturbances caused by 
weather phenomena on cliffs, we were unable to distinguish what may or may not be 
caused by weather.  According to the United States Drought Monitor website, 
Southeastern Tennessee did not undergo any levels of drought (The National Drought 
Mitigation Center n.d.).  As previously stated in 2.3 Disturbances, there are a multitude 
of disturbance characteristics (e.g., disturbance size, intensity, and timing) that may have 
additional effects on the collected data; however, this study solely focused on two 
frequencies and two cliff location.  If this study had different methodology or a wider 
study time, it may be possible to observe the other disturbance characteristics.  This 
limitation is something to consider when defining methodology for future studies. 
As depicted in Figures 4 and 5, vascular plants are limited to areas with 
microtopography deep enough for anchoring.  Figure 4 is a photograph taken while 
rappelling an unclimbed cliff at Foster Falls; large vascular plants growing from the cliffs 
(trees) are limited to shelf-like microtopographic features observed in this photo.  Since 
vascular plants are patchy, it was difficult to collect data that would represent the actual 
cliff populations using 0.5m transects.  The methodology was followed by placing 
transects where a moderately graded route was suitable; however, it was difficult to either 
avoid or collect data (especially that of vascular since it is more clustered).  Biased results 
17 
 
were avoided by placing transects directly to microtopography features a climber may use 
as hand and/or foot holds.  A similar issue was noticed in Farris’s (1998) study when it 
was noted that geological factors (i.e., microtopography) may strongly influence both 
human use and vegetation dynamics.  These influences may cause large vascular plants to 
propagate on large shelves that climbers may or may not avoid.   
This thesis provides insight into the effects of rock climbing by examining percent 
coverage of bare rock, nonvascular, vascular, and organic debris.  Figures 3, 4, and 5 
cover multiple moderately sized microtopographic features that may be used as hand 
and/or foot holds.  Even though larger quadrants may be a preferred method in other 
studies, 0.5m transects still give insight to the shorter cliffs of Southeastern Tennessee.  
This study has statistical outcomes that coincide with similar studies despite the smaller 
sample size.   
 
6.0 CONCLUSION 
Statistical analyses of our data suggest that rock climbing significantly reduces 
vascular and nonvascular cover and that we must reject the null when grouping 
disturbance frequencies (climbing and unclimbed).  McMillan and Larson (2002) 
revealed rock climbing reduced vascular plant cover.  Since bryophytes and lichens are 
nonvascular plants, it is possible to compare our findings to studies that did not group 
these together.  Both McMillan and Larson (2002) and Nuzzo (1996) concluded rock 
climbing decreased lichen cover; however, only McMillan and Larson’s (2002) findings 
were significant.  McMillan and Larson (2002) also concluded that rock climbing 
decreased bryophyte cover.  Since the percent covered by bare rock significantly 
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increases as the coverage of vascular and nonvascular plant communities significantly 
decrease, we further conclude that rock climbing significantly reduces cliff vegetation as 
a whole.  Studies performed by Camp and Knight (1998), Farris (1998), McMillan and 
Larson (2002) coincide with our findings.   
Similar to other studies (Nuzzo 1995; McMillan & Larson 2002), we observed if 
transect height has an effect on vegetation coverage; we determined that there was no 
significant difference between the upper and lower transects.  This was contradictory to 
studies performed by Nuzzo (1995) and McMillan and Larson (1998).  Nuzzo (1995) 
concluded that rock climbing significantly reduced Solidago density within the upper 
parts of the cliff.  It was also noted that seventy percent of Solidago grew within upper 
3m of the cliff.  McMillan and Larson (2002) reported rock climbing more significantly 
decreased vascular plant density in the plateau (top-section of cliff face) and mid-section, 
but did not have an effect on bryophyte or lichen communities.   
Statistical analysis suggested that rock climbing has no appreciable effect on 
organic debris coverage.  Yet, when referring to the original data and our visual 
observations, it is evident that climbing somewhat reduces organic debris coverage 
(Table 1 and Table 2).  Our limited sample size may be the cause for this discrepancy.  If 
organic debris is determined significantly reduced in future studies, we suggest a closer 
look into a possible correlation between decreased organic debris and vascular plants 
cover and/or frequency.  Similar dependencies were mentioned in studies conducted by 
Kelly and Larson (1997), McMillan and Larson (1998), Camp and Knight (1998), 
Rusterholz, Müller, and Baur (2004), as vascular plants need ample soil to collect 
moisture and properly root. 
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This study did not observe specific disturbance characteristics, but focused on the 
overall effects on vascular and nonvascular plant communities during the months of 
August through October in the year of 2014.  Though specific disturbance characteristics 
were not observed, we do recognize that disturbance frequency and disturbances caused 
by invasive species may be an issue associated with rock climbing.  We advocate further 
research regarding nonnative propagules on cliff ecology.  We are aware that our data 
may be altered by disturbances other than rock climbing (i.e., windstorms, heavy rainfall, 
nonnative propagules, falling rock debris, drought, etc.).  To correct for this and human 
error, we suggest using quadrants rather than transects to collect a larger area of data and 
to collect more data points so that the entire sample size will be more representative of 
the population.  Our findings are intended as a viable source to be used by park and 
wildlife management as an aid in determining whether or not rock climbing should be 
regulated.  In conclusion, we suggest further study in different phenological stages, 
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Latitude Longitude BR NV V OD 




12.8m 0.43 0.07 0.00 0.00 







10.0m 0.27 0.23 0.00 0.00 
2.1m 0.50 0.00 0.00 0.00 






10.0m 0.46 0.04 0.00 0.00 
2.8m 0.44 0.06 0.00 0.00 
Bear Mt. 





11.2m 0.50 0.00 0.00 0.00 
3.2m 0.47 0.02 0.00 0.01 






10.5m 0.24 0.00 0.21 0.05 







10.0m 0.48 0.02 0.00 0.00 
3.0m 0.46 0.04 0.00 0.00 




9.5m 0.50 0.00 0.00 0.00 
3.3m 0.50 0.00 0.00 0.00 




12.0m 0.39 0.11 0.00 0.00 







10.0m 0.50 0.00 0.00 0.00 
3.0m 0.48 0.02 0.00 0.00 




10.0m 0.50 0.00 0.00 0.00 







11.0m 0.50 0.00 0.00 0.00 







10.2m 0.45 0.05 0.00 0.00 
























9.5m 0.06 0.23 0.01 0.20 





11.0m 0.34 0.11 0.05 0.00 





10.0m 0.07 0.41 0.02 0.00 





9.0m 0.03 0.00 0.30 0.17 





9.0m 0.21 0.23 0.00 0.06 





9.0m 0.35 0.15 0.00 0.00 





9.5m 0.16 0.33 0.00 0.01 





10.0m 0.09 0.41 0.00 0.00 





10.0m 0.33 0.17 0.00 0.00 
4.0m 0.30 0.14 0.06 0.00 
L 18-Oct 35.23578 85.22842 
10.0m 0.18 0.32 0.00 0.00 
2.5m 0.24 0.13 0.04 0.09 
L 18-Oct Dead GPS 
9.5m 0.35 0.15 0.00 0.00 
3.0m 0.39 0.11 0.00 0.00 
L 18-Oct Dead GPS 
9.0m 0.39 0.08 0.03 0.00 







MAP OF CLIMBING CENTERS IN PROXIMETY TO CHATTANOOGA 
 
The first map shows the spatial distribution of focused climbing centers in 




CLIMBED CLIFF TRANSECT 
 
 
The above photo demonstrates the lack in vegetation on a climbed route.  Data 
were extracted from 10cm – 60cm.  The white portions are frequently used hand and/or 
foot holds.  Climbers use chalk to keep their hands from sweating, but residual chalk is 
















This horizontally flipped image above shows a 0.50m unclimbed cliff segment; 















The above image is a side view of an unclimbed cliff face at Foster Falls.  















The above image further illustrates how vascular plants are limited to areas of 
microtopography.  If a climber were to clean this portion of cliff, the vascular plant and 
associated organic debris would most likely be removed as that fissure would make good 












Bare Rock Coverage (%) 


















Nonvascular Coverage (%) 
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Organic Debris Coverage (%) 





















Dependent Variables Statistic df Significance
Bare Rock Coverage % 0.138 48 0.023
Nonvascular Coverage % 0.158 48 0.004
Vascular Coverage % 0.371 48 0.000















































Significance            
(2-tailed)
Bare Rock Coverage (%) 52.000 0.000
Nonvascular Coverage (%) 74.000 0.000
Vascular (%) 161.000 0.001

















Correlation Coefficient 1.000 -0.713
Significance (2-tailed) 0.000
N 48 48





Bare Rock Coverage 
(%)




















Correlation Coefficient 1.000 0.488
Significance (2-tailed) 0.000
N 48 48


























Correlation Coefficient 1.000 0.649
Significance (2-tailed) 0.000
N 48 48





























Correlation Coefficient 1.000 0.239
Significance (2-tailed) 0.102
N 48 48



























Significance            
(2-tailed)
Bare Rock Coverage (%) 56.000 0.538
Nonvascular Coverage (%) 62.000 0.805
Vascular (%) 52.500 0.369
















Correlation Coefficient 1.000 0.000
Significance (2-tailed) 1.000
N 24 24
Correlation Coefficient 0 1.000
Significance (2-tailed) 1.000
N 24 24
Upper & Lower       
Cliff Height





















Upper & Lower   
Cliff Height
Vascular  Coverage 
(%)
Correlation Coefficient 1.000 -0.209
Significance (2-tailed) 0.328
N 24 24
Correlation Coefficient -0.209 1.000
Significance (2-tailed) 0.328
N 24 24
Upper & Lower       
Cliff Height


























Correlation Coefficient 1.000 0.089
Significance (2-tailed) 0.680
N 24 24
Correlation Coefficient 0.089 1.000
Significance (2-tailed) 0.680
N 24 24
Upper & Lower       
Cliff Height

























Correlation Coefficient 1.000 -0.013
Significance (2-tailed) 0.954
N 24 24
Correlation Coefficient -0.013 1.000
Significance (2-tailed) 0.954
N 24 24
Upper & Lower       
Cliff Height
Organic Debris       
Coverage (%)
 
 
 
 
 
 
 
 
